Objective To classify NICU interventions for parental distress and quantify their effectiveness. Study design We systematically reviewed controlled studies published before 2017 measuring NICU parental distress, defined broad intervention categories, and used random-effects meta-analysis to quantify treatment effectiveness. Results Among 1643 unique records, 58 eligible trials predominantly studied mothers of preterm infants. Interventions tested in 22 randomized trials decreased parental distress (p < 0.001) and demonstrated improvement beyond 6 months (p < 0.005). In subgroup analyses, complementary/alternative medicine and family-centered instruction interventions each decreased distress symptoms (p < 0.01), with fathers and mothers improving to similar extents. Most psychotherapy studies decreased distress individually but did not qualify for meta-analysis as a group. Conclusion NICU interventions modestly reduced parental distress. We identified family-centered instruction as a target for implementation and complementary/alternative medicine as a target for further study. Investigators must develop psychosocial interventions that serve NICU parents at large, including fathers and parents of full-term infants.
Introduction
The hospitalization of one's newborn in a neonatal intensive care unit (NICU) represents a potentially traumatic event for parents [1, 2] . Individual parents exhibit profoundly heterogeneous psychological responses to the NICU hospitalization of their newborn infant as determined by multiple known and unknown infant, parent, and social factors [3] .
In the NICU environment, parents may feel their parenting role diminished as a result of professionals and policies governing interactions between parents and their infants [4] . Parents may perceive the threat of their child's disability or death when they see their newborn attached to medical devices and experiencing suffering or physiologic instability [5] . As a consequence of these experiences, NICU parents can suffer from aspects of stress-and traumarelated distress such as anxiety, stress, or post-traumatic stress [6, 7] . Prolonged postnatal distress harms parents' mental health, disrupts the parent−infant relationship, and impairs children's functioning and social-emotional development in the future [8] [9] [10] .
The general population faces a tangible risk of NICUrelated parental distress. In the United States, about one in ten newborns receives care in an NICU [11] . Many NICU parents experience some postnatal symptoms of posttraumatic stress [12] . A meta-analysis of mothers of highrisk newborns reports that 18.5% meet diagnostic criteria for post-traumatic stress disorder (PTSD) after birth, compared with 4% of post-partum mothers in the community [13] . The prevalence of postnatal distress among NICU fathers, as reported in single-site studies, ranges from 8 to 47%, compared to a baseline postnatal paternal rate of 6-8.7% [14] [15] [16] [17] [18] .
Even though experts and families recognize the burden of NICU-related distress and agree on the need for psychosocial support, standard practices for screening or supporting NICU parents are not in place universally [12, 19] . Furthermore, it remains challenging for clinicians and investigators to choose the most promising approaches from among the eclectic collection of treatments that have been studied.
No prior review has comprehensively synthesized studies of interventions to reduce distress in NICU parents at large. Previous systematic reviews selected narrow scopes that limited their applicability across varied patient populations, treatment modalities, and psychological outcomes [20] [21] [22] [23] [24] . First, few reviews examined the effect of interventions on fathers' distress symptoms, even though NICU fathers experience birth-related psychological distress [25] . Second, prior reviews predominantly assessed distress in parents of premature or very low birth weight infants, even though parents of critically ill full-term newborns are similarly susceptible to psychological distress [26] . Third, no review has quantitatively synthesized the effect of diverse NICU interventions on parental PTSD using meta-analysis.
We undertook this systematic review and meta-analysis of NICU interventions for stress-and trauma-related parental distress to achieve the following aims: (1) to characterize the populations, interventions and outcomes reported in controlled studies; (2) to classify interventions targeting NICU-parental distress; (3) to estimate the overall effectiveness of interventions during NICU hospitalization and long-term; and (4) to compare treatment effectiveness among intervention classes, between mothers and fathers, and between short-and long-term outcomes. Through this analysis, we sought to identify the most promising treatment approaches for implementation by health systems and further study by investigators.
Methods
We adhered to a predetermined protocol that specified study search strategy, eligibility criteria, methods of analysis, outcome variables, and effect direction [27] . We describe the full methods in the supplemental materials.
Study search and selection
We searched PubMed, PsycINFO, CINAHL, and SCOPUS for studies published before 2017 using terms for the following concepts: hospitalized infants, parents, stress, anxiety, PTSD, and intervention. (Complete search terms are listed in supplemental materials.)
Three reviewers eliminated duplicate records and reviewed full-text reports to identify studies eligible for inclusion.
Study eligibility criteria
In the systematic review, we included English-language experimental studies (1) enrolling parents of infants admitted to an NICU, (2) testing interventions during or pertaining to the hospitalization, (3) reporting postintervention parental anxiety, stress, or post-traumatic stress, and (4) comparing outcomes between NICU parents exposed to an intervention vs. NICU parents exposed to a placebo treatment or usual care.
In order to synthesize study effects homogeneously, we excluded from review observational studies and studies with an exclusively pre-post design lacking a distinct control group. To decrease heterogeneity, we excluded from the meta-analysis studies that failed to report outcomes as unadjusted scores.
Data collection
From each report included in the systematic review, we extracted information pertaining to the study, subjects, intervention, and outcomes. We separately collected and analyzed data for mothers and fathers when they were reported distinctly within a single study. We classified interventions into broad categories. Local experts in serious pediatric illness and parental adjustment corroborated the face validity of our intervention typology.
To account for the highly variable trajectories of distress symptoms individuals experience when faced with potentially traumatic events, we chose two time points for quantitative synthesis: (1) the latest in-hospital measurement, and (2) the most distal measurement reported [2] . Despite wide variability in individual distress patterns, on average, parental distress symptoms are highest during the hospitalization and decline over time [28] . To assess longterm treatment effects, we collected distress measurements most distal in time to interventions as our primary outcome. Therefore, when analyzing the primary outcome, for trials publishing serial reports from a single sample, we only included the report presenting the furthest time point; and for studies reporting outcomes at multiple time points, we only synthesized data from the furthest time point. To assess treatment effects during NICU hospitalization, a secondary outcome was the latest in-hospital distress measurement prior to NICU discharge, which we collected separately for studies reporting results at multiple time points.
Summary measures
From studies eligible for meta-analysis, we collected anxiety and stress-or trauma-related distress scores. We included anxiety symptoms because, prior to the fifth and current edition of the Diagnostic and Statistical Manual of Mental Disorders, stress-and trauma-related disorders were subclassified as anxiety disorders [29] .
The primary measure of treatment effect for metaanalysis was the standardized mean difference (SMD) in distress symptoms between the intervention and control groups (i.e., control subtracted from intervention). We classified negative SMD values as favoring intervention. We reversed signs when necessary to yield consistent intergroup SMDs.
We aggregated measures of stress, trauma, and anxiety for meta-analysis. To harmonize numerous psychometric instruments for distress symptoms, we calculated the Z-score ([study mean -group mean] ÷ group standard deviation) and the standardized standard deviation (study standard deviation ÷ group standard deviation) for each reported instrument. For studies reporting the results of multiple instruments from the same subjects, we calculated weighted averages of Z-scores to provide composite measurements of distress for each study group.
Meta-analysis
We predicted a lack of common treatment effect among studies testing heterogeneous interventions. Therefore, to quantify the overall effectiveness of interventions, we employed the random effects meta-analysis method of DerSimonian and Laird [30] . We assessed heterogeneity among study effect estimates using both Higgins' I 2 and Cochran's Q statistics. We used funnel plots and Egger's test to detect reporting bias pertaining to the relationship between sample size and effect size. We expected randomized studies to have lower risk of bias than nonrandomized experimental studies; therefore, they were analyzed separately.
We carried out meta-analysis procedures in Stata/SE version 14 (Stata Corp., College Station, TX) using the following programs: metan to conduct random-effects metaanalysis, metafunnel to generate funnel plots, and metabias to carry out Egger's test [31] .
Additional analyses
We conducted predetermined subgroup analyses of randomized studies eligible for meta-analysis to assess the comparative effectiveness of interventions (1) among intervention classes, (2) between mothers and fathers, and (3) on short-term and long-term outcomes. We conducted one post-hoc sensitivity analysis to determine the overall and subgroup effect sizes after excluding studies conducted in Iran that, as a group, were outliers favoring intervention compared to studies conducted elsewhere.
Results

Study selection
A study selection flow diagram (Fig. 1) illustrates the process we undertook to select 58 controlled studies of interventions for NICU parental distress for systematic review (references listed in supplemental materials). Among those, we quantitatively synthesized 23 randomized, and 10 nonrandomized, controlled studies. 
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Controlled studies of interventions to reduce NICU parental distress 
Study characteristics
The 58 studies we reviewed enrolled 5887 parent subjects ( Table 1) . The median year of publication for this body of literature was 2013. Twenty studies were conducted in North America, 16 in Europe, nine in Iran, seven in Asia, three in Australia, and three in Brazil. Studies predominantly enrolled mothers and parents of preterm infants. Thirty-six studies tested interventions exclusively on mothers while three studies enrolled only fathers and 19 studies enrolled both mothers and fathers. Six studies permitted enrollment of full-term infants.
Intervention classification
We classified 46 distinct interventions into four broad categories: (1) changing NICU medical care; (2) complementary/alternative medicine; (3) family-centered instruction; and (4) psychotherapy.
We classified as "Changing NICU medical care" 11 studies that altered parents' exposure to the organization or delivery of medical treatment performed by nurses or physicians as compared to contemporaneous local standards of care. Interventions in this class primarily targeted other outcomes alongside distress. Interventions that changed infant rooming or visiting conditions aimed to enhance parent−infant bonding. Parent-to-parent support groups provided families with social resources during a uniquely challenging experience [32] . Interventions that integrated parents directly in their infant's medical care empowered parents to fulfill their parental role [33] . Parent−professional communication interventions aimed to improve comprehension or shared medical decision making [34] .
We drew on classifications by the National Center for Complementary and Integrative Health to determine eligibility in the category "Complementary/alternative medicine" [35] . We included 12 studies that introduced mind −body modalities originating outside the allopathic medical tradition. Interventions in this class typically were designed to decrease stress. Mind−body modalities included maternal acupuncture, journal writing, relaxation techniques, music interventions, infant massage, and parent−infant skin-to-skin contact. Consistent with the recent growth of complementary/alternative medicine use among the general population, these publications were the most recent, with a median publication year of 2015 [36] .
The most frequently studied class of intervention was formed by multifaceted programs of "Family-centered instruction". These interventions in 30 studies predominantly focused on the developmental trajectory of premature infants. In their meta-analysis, Benzies et al. developed a classification for the components of this intervention category comprised by (1) parent psychosocial Included in meta-analysis of pre-discharge (secondary) outcome support; (2) parent education in the form of either information alone, guided infant observation, or active parent involvement with professional feedback; and (3) infant developmental support [21] . Finally, in five "Psychotherapy" studies, licensed mental health professionals administered psychological therapy, frequently an application of cognitive-behavioral therapy explicitly designed to remedy distress symptoms, face-toface with parents during their child's NICU hospitalization.
Distress instruments
Stress was the most frequently assessed aspect of distress, measured in 25 reports using the Parental Stressor Scale: NICU and in 10 reports using the Parenting Stress Index. Seventeen studies measured anxiety using the State-Trait Anxiety Inventory. Post-traumatic stress symptoms were assessed using the Perinatal Post-traumatic Stress Disorder Questionnaire in four studies and the Davidson Trauma Scale in three studies. All reported instruments for stress, anxiety, and post-traumatic stress are listed in Table 1 .
Randomized studies meta-analysis
When assessed for our primary outcome, the effect size at the latest-reported time point, NICU-based interventions modestly decreased stress-or trauma-related distress in NICU parents at large. The cumulative effect was a onethird standard deviation reduction in distress symptoms across multiple psychometric measures (N = 22; SMD: −0.34, 95% CI (−0.51, −0.17); p < 0.001) with a high level of heterogeneity among study effect estimates (I 2 = 72.7%, Cochran's Q p < 0.001) (Fig. 2) . The bulk of analyzed randomized studies did not exhibit evidence of reporting bias, with a negative Egger's test (p = 0.09) and study effect sizes fairly symmetrically distributed in a funnel plot (Fig. 3) . The three outliers on the funnel plot represent two studies conducted in Iran that we excluded in a post-hoc sensitivity analysis described below.
In When assessed for our secondary outcome, randomized studies reporting treatment effects prior to NICU discharge did not decrease distress symptoms, neither overall (N = 9; SMD −0.08 [−0.24, 0.09]; p > 0.05) nor within any intervention classification subgroup (p > 0.05). These studies did not exhibit evidence of reporting bias, with a symmetric funnel plot (not shown) and a negative Egger's test (p = 0.7).
Effects in mothers and fathers
Family-centered instruction interventions decreased distress symptoms in mothers and fathers by similar magnitudes (mothers' SMD: −0.5 [−0.85, −0.14], p < 0.01; fathers' SMD: −0.32 [−0.64, −0.01], p < 0.05). Among randomized studies, only studies in this class distinctly reported results for fathers. These studies predominantly enrolled parents of preterm infants.
Long-term distress reduction
The furthest time of distress measurement within studies ranged from 1 day to 9 years in the 21 studies that specified timing (median 90 days, interquartile range [10 days, 1 year]). Half of the 16 randomized studies specifying timing measured distress symptoms 6 months or later after intervention. Overall, these interventions decreased long-term parental distress symptoms (SMD: −0.22 [−0.38, −0.07]; p < 0.005) with a low level of heterogeneity (I 2 = 18%, Cochran's Q p = 0.28).
Post-hoc sensitivity analysis
The two eligible randomized studies conducted in Iran produced considerably larger effect sizes favoring intervention than studies conducted elsewhere. A post-hoc sensitivity analysis excluding these studies yielded results consistent with our initial findings. The remaining interventions reduced parental distress (N = 20; SMD −0.19 [−0.29, −0.09], p < 0.001), and, among them, complementary/alternative medicine and family-centered instruction interventions decreased distress (p < 0.01).
Non-randomized studies meta-analysis
Assessed for our primary outcome, the effect size at the latest-reported time point, ten nonrandomized studies eligible for meta-analysis reduced parental distress overall (SMD: −0.99, 95% CI [−1.56, −0.41], p = 0.001) with a high level of heterogeneity (I 2 = 91.4%, Cochran's Q p < 0.001) (Supplemental Figure A) . A symmetric funnel plot of nonrandomized studies (Supplemental Figure B) as well as a negative Egger's test (p = 0.98) suggest the absence of evident reporting bias. "Complementary/alternative medicine" and "Family-centered instruction" interventions in nonrandomized studies decreased distress symptoms (p < 0.05).
Discussion
We believe this is the first comprehensive synthesis of the diverse body of literature on NICU-based interventions for parental distress. To produce a synthesis applicable to NICU parents at large, we analyzed controlled studies of the effect of NICU interventions on stress-or trauma-related distress, regardless of treatment modality, parent sex, or newborn gestational age. We classified a diverse array of treatments into broad categories, and we quantified their effectiveness, altogether and within classes.
In light of recommendations to provide psychosocial support to all NICU parents, this review serves clinicians and health systems by highlighting priorities for Overall, NICU interventions produce modest reductions in parental distress symptoms in the long term, though not necessarily when measured prior to hospital discharge. This holds true comparably for mothers and fathers, and the benefits persist in studies measuring distress after 6 months. With these findings, this review encourages NICU parents to expect psychosocial support regardless of their sex or their child's gestational age.
Family-centered instruction interventions, which are multifaceted programs that provide in-hospital parent education, reduce parental distress symptoms and represent the clearest implementation opportunity for health systems not already providing such a program. However, prior reviewers have commented on the challenges of operationalizing this class of intervention owing to the heterogeneity of treatment components, clinical sites, and families [21, 37] . In addition, these programs are designed chiefly to address the developmental needs of preterm infants. Therefore, this category also presents an opportunity for investigators to develop family-centered instruction programs with the flexibility to support parents with infants at any gestational age.
Complementary/alternative medicine approaches represent a promising area for further research because, based on our small and heterogeneous sample, they decrease parental distress. This class of intervention is often relatively inexpensive to implement and enjoys growing acceptance among the public. Four randomized complementary/alternative medicine studies eligible for meta-analysis tested a diverse set of mind-body modalities including acupuncture, journaling, relaxation, and kangaroo care, a form of skin-toskin parent−infant contact commonly used in the care of preterm infants [38] . Mind-body modalities might move from the margins of neonatology into the mainstream, for instance, through large-scale, randomized controlled trials of practices such as journaling or meditation.
Interventions that changed NICU medical care had an overall null effect on parental distress symptoms. This finding suggests that investigators testing changes to medical treatments that impact parents should assess for unintended parental distress, as was evident in a communication intervention reported by Clarke-Pounder et al. [39] . Furthermore, although adult intensive care studies have demonstrated reductions in family distress symptoms following intensive communication interventions, in this study, the few neonatal studies testing communication interventions did not mirror those results [34] . The risk of mortality is considerably greater in adult intensive care than in NICUs, and we can speculate that subsets of NICU parents, such as parents of newborns facing a high risk of death, may experience greater distress reductions than NICU parents at large. This review identifies an opportunity for large-scale studies to test the effect of intensive communication interventions on NICU parental distress.
We were unable to quantitatively synthesize psychotherapy studies in this meta-analysis. We note that four of the five psychotherapy studies we reviewed reported parental distress reductions. Among them, the series of randomized studies by Shaw et al. demonstrated significant reductions in parental distress after trauma-focused CBT; however, they reported results as adjusted estimates, excluding them from our meta-analysis [40, 41] . Future studies could apply meta-regression techniques to appropriately synthesize adjusted results in this body of literature. Current recommendations endorse professional psychotherapy for NICU parents experiencing significant stress-or trauma-related distress during their child's hospitalization [42] .
Limitations
This body of literature contains gaps and imbalances with respect to geography, parent sex, infant gestational age, and distress time course, that impose limitations on the generalizability of our findings.
Most studies eligible for systematic review were conducted in North America or Europe, limiting the global generalizability of these findings. We speculate that social resources and norms that vary across regional and cultural contexts will influence treatment effectiveness, a potential explanation for the considerably larger effect sizes found in studies conducted in Iran. Investigators have the opportunity to translate these findings to diverse settings globally.
Fewer than half of reviewed studies enrolled fathers, and many that did failed to report outcomes for fathers distinctly. Fathers have an important role to play in the social-emotional development of high-risk infants and in the well-being of their family. Therefore, the omission of fathers from this body of literature has consequences not only for fathers but for their partners and their children, as well [43] . In light of our finding that fathers respond to interventions as well as mothers do, investigators must develop and test interventions designed to address the psychosocial needs of both mothers and fathers. Only one in ten eligible studies enrolled parents of fullterm infants, thereby omitting a class of parents no less susceptible to stress-and trauma-related distress [3] . While preterm infants are typically hospitalized because of problems related to their developmental immaturity, term infants in an NICU can have medical problems ranging from transient to grave. NICU patients of all gestations can face a wide range of risk for death or disability. Investigators must design interventions that treat NICU parents at large, regardless of their newborn's gestational age.
Several reviewed studies failed to specify the timing of distress observation. Investigators can demonstrate the impact of interventions over variable patterns of distress symptoms by reporting outcomes at multiple discrete timepoints both during the hospitalization and long after discharge.
Finally, our classifying an eclectic array of interventions into broad categories brought disparate treatments together, losing the specificity of interventions as they were implemented in individual studies. Aggregating diverse interventions across varied patient populations, measured by disparate instruments, allowed us to estimate an overall treatment effect for parental distress. Although our effect estimate reflects this body of literature, the heterogeneity of the underlying treatments limits the prediction of an effect size for a given intervention in the future.
Conclusions
In this systematic review and meta-analysis, we found a modest, long-term improvement in parental stress-and trauma-related distress resulting from NICU-based interventions. Based on their effectiveness at reducing distress, we identified opportunities for implementing familycentered instruction programs, and for developing complementary/alternative medicine interventions, each ideally designed to serve NICU parents at large.
By identifying omissions in this body of literature, we highlighted several opportunities for future research. Investigators have the opportunity to develop and test interventions in many regions of the world currently lacking research on NICU parental distress. Future studies ideally will assess the effectiveness of treatments across a lengthy postnatal span. Finally, we found that this field of research has predominantly limited its scope to the mothers of preterm infants, highlighting an imperative to develop and test psychosocial interventions flexible enough to serve NICU parents at large, including fathers and the parents of critically ill full-term infants.
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